Novel cell lines derived from adult human ventricular cardiomyocytes.
Background. - We have established proliferating human cardiomyocyte cell lines derived from non-proliferating primary cultures of adult ventricular heart tissue, using a novel method that may be applicable to many post-mitotic primary cultures. Methods and results. - Primary cells from human ventricular tissue, were fused with SV40 transformed, uridine auxotroph human fibroblasts, devoid of mitochondrial DNA. This was followed by selection in uridine-free medium to eliminate unfused fibroblasts. The fused cells were subcloned and screened for cell type-specific markers. Four clones (AC1, AC10, AC12, AC16) that express markers characteristic of cardiomyocytes were studied. Clones were homogeneous morphologically, and expressed transcription factors (GATA4, MYCD, NFATc4), contractile proteins such as alpha- and beta-myosin heavy chain, alpha-cardiac actin, troponin I, desmoplakin, alpha actinin, the muscle-specific intermediate filament protein, desmin, the cardiomyocyte-specific peptide hormones, BNP, the L-type calcium channel alpha1C subunit and gap junction proteins, connexin-43 and connexin-40. Furthermore, dye-coupling studies confirmed the presence of functional gap junctions. EM ultra structural analysis revealed the presence of myofibrils in the subsarcolemmal region, indicating a precontractile developmental stage. When grown in mitogen-depleted medium, the AC cells stopped proliferating and formed a multinucleated syncytium. When the SV40 oncogene was silenced using the RNAi technique, AC16 cells switched from a proliferating to a more differentiated quiescent state, with the formation of multinucleated syncyntium. Concurrently, the cells expressed BMP2, an important signaling molecule for induction of cardiac-specific markers, that was not expressed by the proliferating cells. The presence of the combination of transcription factors in addition to muscle-specific markers is a good indication for the presence of a cardiac transcription program in these cells. CONCLUSIONS. - Based on the expression of myogenic markers and a fully functional respiratory chain, the AC cells have retained the nuclear DNA and the mitochondrial DNA of the primary cardiomyocytes. They can be frozen and thawed repeatedly and can differentiate when grown in mitogen-free medium. These cell lines are potentially useful in vitro models to study developmental regulation of cardiomyocytes in normal and pathological states.